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= 100 (left panel) and 200 MeV (right panel) in
the center-of-mass system in constant (q; !) kinematics. Solid
lines are the relativistic results, dot-dashed lines are the non-
relativistic results.
The comparison between our relativistic distorted wave
impulse approximation (RDWIA) results and the nonrel-










(q; !) kinematics at two dierent values of the proton en-
ergy, i.e., T
p
= 100 and 200 MeV [9]. The cc2 prescription
has been used. The dierences rapidly increase with the
energy, and the relativistic results are smaller than the
nonrelativistic ones. This outcome is well-known and it is
essentially due to the
p
D factor of Eq. 5 and to the rel-





ferences are obtained for the longitudinal response func-
tion R
L
. On the contrary, a visible reduction is found
for the transverse response R
T
, even at T
p
= 100 MeV.
Large dierences are generally found for the longitudinal-
transverse interference response R
LT
. The combined rel-




are responsible for the
dierent asymmetry in the cross section. The transverse-
transverse interference response R
TT
is much smaller
than the other response functions and gives only a negli-
gible contribution to the cross section.
In the upper panel of Fig. 2, the reduced cross section
section data measured at NIKHEF in parallel kinematics
at a constant T
p
' 90 MeV in the center-of-mass system
[10] are compared with our calculations [9, 11]. The rel-
ativistic curves have been rescaled by the spectroscopic
factors Z
p1=2
= 0:71 and Z
p3=2
= 0:60, while the non-
relativistic ones by Z
p1=2
= 0:64 and Z
p3=2
= 0:54. It
is apparent that, at low energy, relativistic and nonrela-
tivistic calculations are almost equivalent in comparison
with data. However, the fact that the relativistic calcu-
lations are normalized to experimental data with a closer














in constant (q; !) kinematics [12] (lower
panel). Data for the p
1
2
state have been multiplied by 40 and
20, respectively. Dashed, solid, and dotted lines represent
the result of the RDWIA approach with cc1, cc2, cc3 o-
shell prescriptions, respectively. Dot-dashed lines in the upper
panel are the nonrelativistic results.
to 1 spectroscopic factor, seems to indicate that a rela-
tivistic treatment should be preferred with respect to a
nonrelativistic one. The sensitivity to the o-shell ambi-
guity in the electromagnetic current operator is relatively
weak and remains within a range of about 10%.
In the lower panel, the same reaction is considered





[12]. The spectroscopic factors are the same
as in the upper panel. The agreement with data is still
very good. We remark that, at this energy, a relativistic
treatment is necessary to correctly describe the data.
III. NUCLEAR TRANSPARENCY
The nuclear transparency can be intuitively dened as
the ratio of the measured to the plane wave cross section.
The transparency can be used to rene our knowledge of
nuclear medium eects and to look for deviation from
conventional nuclear physics, such as the Color Trans-
parency (CT) eect [13, 14, 15]. If the CT eect switches
on as Q
2
increases, then the nuclear transparency should
be enhanced towards unity.
Several measurements of the nuclear transparency in
(e; e
0
p) have been carried out in the past, but they did
not show any evidence for the onset of CT in a Q
2
range
up to 8.1 (GeV/c)
2
.
3FIG. 3: The nuclear transparency for the quasifree A(e; e
0
p)
reaction as a function of the mass number for Q
2
ranging
from 0:3 to 1:8 (GeV=c)
2
. Calculations have been performed
for selected closed shell or subshell nuclei with mass numbers





from Ref. [13]. The data at Q
2
= 0:6; 1:3, and 1:8 (GeV/c)
2
are from Ref. [14].

































is the distorted wave cross section and 
PW
is the plane wave one. The integration is performed upon
the space phase volume V .
In Fig. 3 our RDWIA results for nuclear transparency,
calculated with the cc2 prescription for the nuclear cur-
rent, are shown [16]. The Q
2
of the exchanged pho-




in constant (q; !) kinematics. Calculations have been
performed for selected closed shell or subshell nuclei.





our results lie below the data, while
at Q
2
= 0:6; 1:3, and 1:8 (GeV/c)
2
they are closer to the
data and fall down only for higher mass numbers. The
discontinuities of the shell structure clearly appear in the
changes in shape of the A-dependent curves.
IV. PHOTOREACTIONS
In case of an incident photon with energy E

, the











is a kinematic factor.




N reaction as a
function of the proton scattering angle at a photon energy
ranging from 60 to 150 MeV. The data at 60 MeV are from
Refs. [19, 20]. The data at 80 and 100 MeV are from Ref. [20].
The data at 150 MeV are from Ref. [21]. Solid lines represent
the relativistic calculations with the inclusion of the seagull
current, dashed lines the relativistic results with one-body
current only, and dot-dashed lines are the one-body nonrela-
tivistic results.
The comparison between relativistic and nonrelativis-






reaction at photon energy ranging from
60 to 150 MeV [17]. The cc2 current has been used and
the same spectroscopic factor Z(p
1
2
) = 0:71 of (e; e
0
p)
data has been applied.
We see that the dierences between the nonrelativistic
calculations and the relativistic ones with the cc2 pre-
scription are sensible at all energies. The nonrelativistic
results are always smaller than the data. On the con-
trary, the relativistic results with the one-body current
are generally closer to the data and well reproduce the
magnitude and shape, at least at low energies. For higher
energies, the relativistic results fall below the data and
the discrepancies increase with the proton angle.
As a rst step to study the role of meson exchange cur-
rents in photoreactions, the results with the inclusion of
the seagull contribution in the current are also shown in
Fig. 4 [18]. The pure contribution of the two-body term
is one order of magnitude lower than the one-body one,
but their interference is large. Thus, the total result is en-
hanced above the data and the shape is slightly aected.
The seagull contribution is sizable but less than in pre-
vious nonrelativistic calculations [1]. On the other hand,
in nonrelativistic calculations, the pion-in-ight diagram
reduces the eects of the seagull current, while the  cur-
rent is important only with increasing photon energies.
If these results were conrmed in relativistic calculations,
4the pion-in-ight term would reduce the contribution of
seagull and bring the calculated cross section in Fig. 4
closer to the one-body results and also to the data.
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